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METHOD OF MAKING DOWNLINK OPERATIONAL 
MEASUREMENTS IN A WIRELESS COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a wireless communication system; and more 
particularly, a method of making downlink operational measurements in a wireless 
communication system. 

2. Description of Related Art 

Conventional wireless communication systems include a plurality of cell sites, each 
having a base station sending and receiving signals over one or more associated antenna 
systems. Accordingly, each base station has one or more coverage areas (geographic areas in 
which a mobile terminal will communicate with the base station) associated therewith and 
collectively called a cell. The number of coverage areas associated with a base station 
depends on the design of the cell site including that base station. The cell site could include 
an omni-directional antenna system (azimuth angle of 360 degrees), and provide a single 
coverage area. Alternatively, the cell site could include a multi-sector antenna system and 
provide a number of coverage areas. For instance a three-sector antenna system (azimuth 
angle of 120 degrees) provides three coverage areas commonly referred to as sectors. 
Therefore, a single base station may transmit and receive the signals associated with more 
than one coverage area. 

Operators of a wireless communication system monitor the quality of system 
performance by taking operational measurements indicative thereof. These operational 
measurements represent the quality of uplink communication, communication from a mobile 
terminal to the base station, and the quality of the downlink communication, communication 
from the base station to a mobile terminal. Instead of uplink and downlink, the terms reverse 
and forward, respectively, are common in the art. The downlink operational measurements 
include, but are not limited to, signal strength of a signal received from a base station, signal- 
to-noise or signal-to-noise plus interference ratios of signals received from a base station, bit 
error and frame error rates of signals received from a base station, etc. 
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Techniques exist, such as in mobile assisted hand-off (MAHO), for a base station to 
originate a request that mobile terminals in communication with the base station make some 
operational measurements of downlink signals received from the base station, or downlink 
signals received from the base station and other base stations. A mobile terminal in 
communication with a base station is in one of two states: (1) registered with the base station 
and monitoring a forward or set-up channel of the base station (e.g., a set-up channel in the 
Advanced Mobile Phone System, a Digital Control CHannel in the North American Time- 
Division Multiple Access System, the Broadcast Control Channel in the Global System for 
Mobiles, a paging channel in a Code-Division Multiple Access system, etc.); or (2) in an 
active call on a devoted traffic channel served by the base station. Accordingly, in MAHO, a 
base station originates a request, to mobile terminals in a coverage area associated therewith, 
that the mobile terminals make operational measurements of downlink signals from the base 
station and, perhaps, surrounding base stations as well. These measurements are then used in 
the hand-off determination process of MAHO. 

Another conventional technique for making downlink operational measurements is 
referred to as drive testing. In drive testing, one or more test receivers are deployed at known 
measurement locations within the coverage areas of a base station, and operational 
measurements are made of downlink signals from that base station. 

Also, many wireless communication systems include a test radio at each base station 
to perform a self test operation. The test radio mimics the functions of a mobile terminal to 
test whether the base station is transmitting and receiving signals properly. 

While these techniques provide information about the downlink signals within the 
coverage areas of the base station of interest, the techniques do not provide information 
regarding the impact of the downlinks signals from one base station on the quality of system 
performance in coverage areas of another base station. Furthermore, existing techniques like 
drive testing make downlink operational measurements in a complex and costly manner. 

SUMMARY OF THE INVENTION 

The method of making downlink operational measurements according to the present 
invention uses the mobile terminals in the coverage areas of other base stations or uses the 



Attorney Docket No. 2925-02 17P 
Lucent Ref: 115029/Solondz 8 



other base stations to make operational measurements of signals transmitted by a base station 
of interest. The other base stations themselves make or instruct the mobile terminals in their 
coverage areas to make the operational measurements in response to a request from the base 
station of interest or a main controller, which is connected to the other base stations and the 
base station of interest. 

As a result, the method according to the present invention provides information 
regarding the impact of the downlink signals from one base station on the quality of system 
performance in coverage areas of another base station, and does not involve the complex and 
costly process of deploying test equipment to make downlink operational measurements. 
Instead, by using the existing capabilities and infrastructure of the wireless communication 
system, downlink operational measurements are made in a simple and inexpensive manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from the detailed description 
given below and the accompanying drawings which are given by way of illustration only, 
wherein like reference numerals designate corresponding parts or steps in the various drawings, 
and wherein: 

Fig. 1 illustrates a wireless communication system according to the present invention; 

Fig. 2 illustrates a flow chart for an embodiment of the method of making operational 
measurements according to the present invention; 

Fig. 3 illustrates a modification of the flowchart shown in Fig. 2; 

Fig. 4 illustrates another modification of the flowchart shown in Fig. 2; 

Fig. 5 illustrates a further modification of the flow chart shown in Fig. 2 as modified 
according to Fig. 4; and 

Fig. 6 illustrates a flow chart for another embodiment of the method of making 
operational measurements according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

WIRELESS COMMUNICATION SYSTEM 
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Fig. 1 illustrates a wireless communication system according to the present invention. 
As shown, a plurality of cells Cell 1, Cell 2, ... each include a base station BS1, BS2, 
respectively. For clarity of illustration, the antenna system associated with each base station 
BS1, BS2, ... has not been shown. A mobile switching center (MSC) 200 communicates with 
each base station BS1, BS2, . . . and a local exchange network 6. The local exchange network 
6 represents networks over which voice and/or data are communicated such as the Public 
Switched Telephone Network, the Integrated Service Digital Network, the internet, other 
internet protocol network, etc. The MSC 200 is any well-known MSC except for the addition 
of a main control unit (MCU) 202. However, the MCU 202 does not need to form part of the 
MSC 200, and instead, can be formed separately and even be located remotely from the MSC 
200. The MCU 202 is a data processing system programmed to operate as described in detail 
below, and, which when formed as part of the MSC 200, utilizes the memory and user 
interfaces supplied by the MSC 200. When provided separately from the MSC 200, the MCU 
202 includes a user interface, memory, and an interface for interfacing with the MSC 200. 

OPERATION OF THE WIRELESS COMMUNICATION SYSTEM 
The operation of the wireless communication system according to a first embodiment 
of the present invention will be described with respect to the flow chart illustrated in Fig. 2. 
As shown, in step S10 a base station of interest or the MCU 202 generates a measurement 
request. The measurement request indicates the downlink operational measurement or 
measurements to be made, identifies the base stations which should receive the measurement 
request (hereinafter the "identified base stations"), and identifies the signal transmitted by the 
base station of interest to measure. 

Preferably, the identified signal is a signal transmitted at a constant power level. 
Accordingly, in a Time-Division Multiple Access (TDMA) system, the identified signal is 
preferably a digital control channel; in Global System for Mobiles (GSM), the identified 
signal is preferably a broadcast control channel; and in a Code-Division Multiple Access 
(CDMA) system, the identified signal is preferably the pilot signal. 

Alternatively, a dummy or reserve channel could be turned on by the base station of 
interest to serve as the identified signal for the duration of the measurement process. In 
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another alternative, an existing channel (e.g., a traffic channel) could be locked at constant 
power for the duration of the measurement process and serve as the identified signal. 

If the cell sites of the wireless communication system include a multi-sector antenna 
system, then the measurement request also identifies which sector or sectors of an identified 
5 base station in which the measurements should be made. The identified sectors could, 

therefore, include a sector or sectors of the base station of interest other than the sector 
associated with the identified signal. 

The measurement request may be entered by an operator at the user interface of either 
the base station of interest or the MCU 202. Alternatively, generating the measurement 
1 0 - request or a portion thereof may be automated. For example, the operational measurements 
and identified base stations could be predetermined for a particular attribute of system 
performance. Accordingly, the measurement request is generated automatically by simply 
requesting the data for that attribute of system performance, a base station of interest and a 
sector of interest if the cell sites include a multi-sector antenna system. Numerous other 
15 1 modifications and alternatives for generating the measurement request will be readily 
apparent from the forgoing and following disclosure. 

Next, if the base station of interest generates the measurement request, the base 
station of interest sends the measurement request to the MCU 202. Then, whether generated 
by the base station of interest or the MCU 202, the measurement request is routed by the 
2 0 MCU 202 to the base stations identified in the measurement request in step S 1 5 . 

The identified base stations then send a measurement instruction to the mobile 
terminals in communication therewith in step S20. As discussed previously, a mobile 
terminal in communication with a base station is in one of two states: (1) registered with the 
base station and monitoring a forward or set-up channel of the base station; or (2) in an active 
2 5 call on a devoted traffic channel served by the base station. 

If the cell sites of the wireless communication system include multi-sector antennas, 
then in step S20, the identified base stations send the measurement instructions to the mobile 
terminals in communication therewith and in the coverage area or areas identified in the 
measurement request. The measurement instruction instructs the mobile terminals to make 
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operational measurements for the signal transmitted by the base station of interest as 
identified in the measurement request. 

Subsequently, in step S25, the mobile terminals receiving the measurement instruction 
make the operational measurements indicated therein for the identified signal. As is known, a 
5 TDMA system shares the use of an RF channel across multiple users. In TDMA, mobile 

terminals communicate with the base station during small packets of time called slots. A 
mobile terminal is only permitted to communicate with a base station during certain slots. 
Off-time slots are slots during which a mobile terminal is not permitted to communicate with 
the base station. When the present invention is applied to a TDMA system, the mobile 
10 ^; terminals, preferably, make the operational measurements during their off-time slots. It will 
; V- be appreciated from the foregoing and following disclosure that the operational 
""; measurements may be made in a similarly efficient manner in other types of wireless 
communication systems . 

Because making downlink operational measurements at a mobile terminal is well- 
15 -7. known, this process will not be described. The mobile terminals making the operational 
I J measurements send the results of those measurements to their respective identified base 
K stations in step S30. The identified base stations then send, in step S35, the received results to 
the MCU 202. 

As indicated by the dashed line between step S35 and step S40, the MCU 202 
2 0 optionally sends the received results to the base station of interest. 

Accordingly, by using the existing mobile terminals being served by the wireless 
communication system, downlink operational measurements are made in coverage areas 
outside that served by the base station making the request for measurement of a signal 
transmitted thereby. Alternatively, the downlink measurements are made at the request of the 

2 5 MCU 202. Either way, the complex and costly process of deploying test equipment is 

avoided. 

Fig. 3 illustrates a modification of the method of making operational measurements 
according to the present invention. As shown in Fig. 3, a further step S32 is performed 
between steps S30 and S35. In step S32, for each operational measurement that the 

3 0 measurement request indicates to make, each identified base station averages the received 
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results. Accordingly, in step S35, the identified base stations send the calculated average 
value to the MCU 202. 

Fig. 4 illustrates another modification to the method of making operational 
measurements according to the present invention. The modification of Fig. 4 applies to 
wireless communication systems wherein the mobile terminals include a location detection 
device such as a global positioning sensor (GPS). 

As shown in Fig. 4, a new step S30' replaces step S30 of Fig. 2. In step S30\ the 
mobile terminals making the operational measurements send the results of those 
measurements to their respective identified base stations along with their location. Namely, 
each operational measurement from a mobile terminal has location information associated 
therewith. Accordingly, in step S3 5, the identified base stations send the received results and 
associated location information to the MCU 202. The MCU 202 may then create a map of the 
received results based on the location information associated with each measurement result. 

Fig. 5 illustrates a further modification of the method of making operational 
measurements as modified according to Fig. 4. As shown in Fig. 5, a new step S34 is 
performed between steps S30' and step S35. In step S34, for each operational measurement 
that the measurement request indicates to make, each identified base station creates a map of 
the received result for the operational measurement based on the location information 
associated with each measurement result. Accordingly, in step S35, the identified base 
stations send the created maps to the MCU 202. 

Fig. 6 illustrates a flow chart for another embodiment of the method of making 
operational measurements according to the present invention. As shown, steps S10 and SI 5 
as discussed above are performed. Then, in step SI 20, the identified base stations make the 
operational measurements themselves as indicated in the measurement request. Namely, the 
identified base stations tune in the signal, as identified in the measurement request, 
transmitted by the base station of interest. Some wireless communications systems, such as 
TDMA system, may be able to perform this tuning operation using the existing self test 
capabilities of the system. However, the existing capabilities of other wireless 
communication systems, such as CDMA, can not perform such a tuning operation. Using 
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CDMA as an example, a special purpose radio for tuning in signals transmitted by other base 
stations has to be added to each base station. 

Because the position of each base station in a wireless communication system is 
known, when the MCU 202 receives the measurement results from the identified base 
stations in step S35, the MCU 202 can create a map of those results. As further shown in Fig. 
6, the MCU 202 may, optionally, send the received results to the base station of interest in 
step S40. 

Accordingly, as with the method of Fig. 2, the method of Fig. 6 avoids the complex 
and costly process of deploying test equipment, and provides information regarding the 
impact of downlink signals from one base station on the quality of system performance in 
coverage areas of another base station. 

Furthermore, instead of being an alternative to the method of Fig. 2, the method of 
Fig. 6 may be used in cooperation therewith. 

The methods according to the present invention are applicable to any wireless 
communication system such as a time-division multiple access system, a code division 
multiple access system, an analog system, etc. 



I Claim: 



1 . A method of making operational measurements in a wireless communication 
system, comprising: 

a) sending a measurement request from one of a main controller and a first base 
station to at least a second base station, said measurement request requesting said second base 
station to instruct mobile terminals in communication with said second base station to make 
operation measurements of at least one signal transmitted by said first base station; 

b) transmitting a measurement instruction from said second base station to said 
mobile terminals in communication with said second base station in response to said 
measurement request, said measurement instruction instructing said mobile terminals in 
communication with said second base station to make operational measurements of said 
signal transmitted from said first base station; and 

c) receiving results of said operational measurements at said second base station from 
said mobile terminals in communication with said second base station. 

2. The method of claim 1, further comprising: 

d) sending said received results to said main controller. 

3. The method of claim 1, further comprising: 

d) processing said received results; and 

e) sending said processed received results to said main controller. 

4. The method of claim 3, wherein said step d) averages said received results. 

5. The method of claim 3, wherein 

said step c) receives results of said operational measurements and location 
information indicating a location of said mobile terminal taking each operational 
measurement; and 

said step d) creates a map of said received results based on said location information. 
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6. The method of claim 1, wherein said step c) receives results of said operational 
measurements and location information indicating a location of said mobile terminal taking 
each operational measurement. 

7. The method of claim 1, wherein said signal transmitted from said first base station 
is transmitted at a constant power level. 

8. The method of claim 7, wherein said signal transmitted from said first base station 
is a forward control channel signal. 

9. The method of claim 7, wherein said wireless communication system is a code- 
division multiple access system and said signal transmitted from said first base station is a 
pilot signal. 

10. The method of claim 7, wherein said signal is one of a reserved or dummy 
channel. 

1 1 . The method of claim 7, wherein said signal is an existing channel held at a 
constant power level. 

12. The method of claim 1, further comprising: 

d) making said operation measurements at said mobile terminals in communication 
with said second base station during off time-slots of said mobile terminals in communication 
with said second base station in response to said measurement instruction. 

13. The method of claim 1, wherein said step a) sends said measurement request from 
said main controller. 

14. The method of claim 1, wherein said step a) sends said measurement request from 
said first base station to said second base station via said main controller, said measurement 

10 
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request instructing said main controller to send said measurement request to said second base 
station. 

15. The method of claim 1, wherein said operational measurements includes at least 
one of signal strength, signal-to-noise ratio, frame error rate and bit error rate of said signal 
transmitted from said first base station as received at said mobile terminals in communication 
with said second base station. 

16. A method of making operational measurements in a wireless communication 
system, comprising: 

a) sending a measurement request from one of a main controller and a first base 
station to at least a second base station, said measurement request requesting said second base 
station to make operation measurements of at least one signal transmitted by said first base 
station; and 

b) making said operational measurements at said second base station. 

17. The method of claim 16, further comprising: 

c) sending said received results to said main controller. 

18. The method of claim 16, wherein said signal transmitted from said first base 
station is transmitted at a constant power level. 

19. The method of claim 18, wherein said signal transmitted from said first base 
station is a forward control channel signal. 

20. The method of claim 18, wherein said wireless communication system is a code- 
division multiple access system and said signal transmitted from said first base station is a 
pilot signal. 
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2 1 . The method of claim 1 8, wherein said signal is one of a reserved or dummy 
channel. 

22. The method of claim 18 wherein said signal is an existing channel held at a 
constant power level. 

23. The method of claim 16, wherein said step a) sends said measurement request 
from said main controller. 

24. The method of claim 16, wherein said step a) sends said measurement request 
from said first base station to said second base station via said main controller, said 
measurement request instructing said main controller to send said measurement request to 
said second base station. 

25. The method of claim 16, wherein said operational measurements includes at least 
one of signal strength, signal-to-noise ratio, frame error rate and bit error rate of said signal 
transmitted from said first base station as received at said second base station. 
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ABSTRACT OF THE DISCLOSURE 



In the method of making downlink operational measurements a measurement request 
from one of a main controller and a first base station is sent to at least a second base station. 
The measurement request requests the second base station to instruct mobile terminals in 
communication therewith to make operation measurements of at least one signal transmitted 
by the first base station. The second base station transmits a measurement instruction to the 
mobile terminals in communication therewith in response to the measurement request. The 
measurement instruction instructs the mobile terminals in communication with the second 
base station to make operational measurements of the signal transmitted from the first base 
station. Then the second base station receives results of the operational measurements from 
the mobile terminals in communication therewith. Alternatively or in addition, the second 
base station makes the operational measurements. 
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Attorney Docket No. 2025-021 7P 

IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 

As the below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 
my name, 

! believe I am the original, inventor of the subject matter which is claimed and 
for which a patent is soughL on the invention entitled METHOD OF MAKING 
DOWNLINK OPERATIONAL MEASUREMENTS IN A WIRELESS 
COMMUNICAITON SYSTEM, the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including Ihe claims, as amended by an amendment, if any, 
specifically referred to in this oath or declaration. 

I acknowledge the duty to riisdose all information known to mo which ie 
material to patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 
1 19 of any foreign applications) tor patent or Inventor's certificate listed below and 
have also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any 
United States application(s) listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first, paragraph of Title 35, United States Code, 1 12, 1 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56 which became 
available between the filing date of the prior application and the national or PCT 
international filing date of this application: 

None 

I hereby declare that all statements made fierein of my own knowledge are 
true and that all statements made on information and belief are believed to be true: 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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i hereby appoint the following attorney(s) with full power of substitution and 
revocation, to prosecute said application, to make alterations and amendments 
therein, lu receive the patent, and to transact all business in the Patent and 
Trademark Office connected therewith: 
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I hereby appoint trie attomey(s) on ATTACHMENT A as associate attomey(s) 
in the aforementioned application, with full power solely to prosecute said 
application, to make alterations and amendments therein, to receive the patent, and 
to transact all business in the Patent and Trademark Office connected with the 
prosecution of said application, No other powers are granted to such associate 
attomey(s) and such associate attorney(s) are specifically denied any powar of 
substitution or revocation. 
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Attorney Name(fi): Ravmnnfi C. Stewart Reg, No.: 21 ,Q,S? 
Joseph A, KglflgQh - 

.lamas M fifalterv 3$,3afl 

Donald J. Dalev 34 312 

John A. Castfliano ,3$.Q94 

Telephone calls should be made to Birch Stewart Kclasch & Birch, LLP at 
Phone No.: f7Q3^ 205-8QQ0 
Fax No.: f703^ 20^8050 



All written communications are to be addressed to: 

BIRCH, STEWART, KOLASCH & BIRCH, LLP, 
P.O. BOX 747 
Falls Church, Virginia 22040-0747 
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